Due to the increasing demand of cost-effective tiles in Bangladesh, using the locally available raw materials five different batches of tiles have been prepared and their physical properties (firing shrinkage, bending strength, water absorption, bulk density etc.) as well as chemical properties were studied in order to evaluate the quality of the products. The present investigation revealed that various properties of the produced tiles are similar to those present in commercial tiles which are available in the local market.
Introduction
Recently, the increasing demand of ceramic tiles for both the floor and wall has led the researchers to become interested in developing this field (Das, et. al 2005; Olgun, et. al 2005 and Shah and Maity, 2001) Particularly, fashionable but low cost ceramic tiles are very much lucrative for interior designing as well as for real estate housing developments. In fact, construction industry is now widely using ceramic tiles because of its variety of impressive colours, textures and design. Consequently, cost-effective and acceptable optimized methodologies for the manufacture of ceramic tiles are highly desirable. Specifically, utilisation of low cost, easily available natural resources (clay, feldspar, quartz etc.) as raw materials for ceramic tiles production has no doubt made a significant step forward in this regard. In ceramic tile compositions, an optimum combination or mixture of various ingredients and raw materials is considered as the key step, because the physico-chemical properties of tiles depend on such optimum conditions. In other words, in the development and manufacture of ceramic tiles, some basic physical properties such as firing shrinkage, water absorption, bulk density, bending strength etc. act as the quality control parameters, which ultimately depend on the chemical compositions of the raw materials. Hence, choice of raw materials with optimum ratio mixture is very much important. Moreover, since it is likely that the presence of impurity in different oxides may contribute to the unwanted colour of the fired products, the purity of the raw materials is also another factor. Considering these factors, two types of kaolinitic clays e.g. china clay and ball clay are widely used as major raw materials. However, among these two raw materials the later one is finer and provides higher plasticity in ceramic tile. The other suitable raw materials, which have considerable demand include; limestone, dolomite, marble etc. as the source of carbonate, since carbonate acts as fluxing mineral (Yatsenko et. al 1998 . Shrinkage of tile during firing is another important problem, which should be minimized, because such effect no doubt will affect the regular size and shape of the ceramic body. To overcome this problem, addition of various calcium containing minerals (e.g. blast furnace slag, iron slag, fly ash, wollastonite) is an ideal choice to the researchers (Das et. al. 2005 ).
In the perspective of Bangladesh, a developing country, recently the demand and use of cost-effective ceramic tiles (both wall and floor) is increasing tremendously. Hence, utilization of locally available raw materials for the production of quality ceramic tiles is very important, because such step will obviously strengthen the economic condition of the country. Keeping this view in mind, we have attempted to develop quality tiles using the natural resources of clays as the raw materials available in Bangladesh. In this present study we have investigated various formulations of ceramic tiles using locally available clays (Mymensing clay, ball clay, quartz, feldspar and zircon). Five different batches of tiles were prepared incorporating different ratios of the raw materials and the physical properties (firing shrinkage, bending strength, water absorption, bulk density etc.) as well as chemical properties of the finished products were studied in order to evaluate the quality of the ceramic tile body.
Materials and Methods
In order to accomplish this study properly, detailed investigation was focused on: In order to fulfill the objective of the present study, choice of the locally available raw materials was very much important and in our selection Mymensing clay (M. clay) and ball clay (B. clay) got the priority as the source of clays due to their huge availability in many parts of our country. However, M. clay and B. clay were collected from Mymensing district. The additional raw materials used in this investigation were quartz, feldspar and zircon. Quartz and feldspar were purchased from local markets which are usually imported from India whereas zircon was collected from Cox's Bazar beach. Feldsper was used as a fluxing agent and quartz as filler. However, quantitative chemical analyses of all the raw materials were performed through the sophisticated X'ray fluorescence spectrophotometer (XRF, PANalytical XRF, Model no. PW2404) technique. Thermal behavior of the raw materials was studied by using a computerized TGA / DTA (Setaram, Labsys TM ) machine.
Formulation and preparation of five different batches of tiles
Having acquired the knowledge about the chemical constituents of the raw materials, compositions of five different batches of tiles body were formulated as shown in Table I .
Following the above proportions of the ingredients, one kg of each batch composition was prepared and subjected to ball milling for 4 days, which was then followed by drying at room temperature. It was then ground very well in order to achieve very fine powder with particle size less than 200 mesh. Particle size is an important factor since smaller particle size is very much desirable to obtain a quality product. However, at this stage the dry powder was thoroughly mixed with 10% aqueous solution of molasses, which acts as the binder and the mixture was then wrapped with poly thene to prevent any loss of moisture. It should be noted here that molasses is a waste product of the sugar industries of our country, which is easily available. After 7 days these composite mixture was ready to prepare the tile samples. Several rectangular bars (2 // x 2 // x 0.45 // ) were prepared at a pressure of 5 tons using a hydraulic press. Such pressure helped to achieve the bars with compact shape which was first dried at 110 O C followed by firing at 1050 O C temperature (normal firing temperature of commercial wall tile bodies) in an electric furnace maintaining a soaking period of 15 min. to get the finished fired products. A flow diagram of the above mentioned preparation procedure is shown in Figure 1 . The physical characteristics of two major raw materials, M. Clay and B. Clay revealed that the later one is more plastic, which could be due to the variation in chemical composition. However, to determine the distinctive role of all the raw materials used in processing the ceramic tiles, it was first necessary to assess their chemical compositions. The chemical analyses of all the raw materials are shown in Table II . It is evident from this Table that in case of both the clays percentage of loss on ignition (L.O.I), silica and alumina are similar. However, the percentage of silica (44.00 -46.00) of these two clays clearly indicates their kaolinitic nature. Moreover, the Al 2 O 3 /SiO 2 ratio of these clays is around 0.8 which is very close to the theoretical ratio of pure kaolinite (0.85) (Halm, 1952) . On the other hand chemical analysis of quartz shows that its purity is quite reasonable (SiO 2 -99.00%) and feldspar is also quartzitic in nature.
The DTA analyses of all the raw materials are shown in Figures 2a -2e . The B. clay and M. clay ( Fig. 2a and 2b) indicate the presence of kaolinite which is revealed by the characteristic peaks in their usual positions. The endothermic peaks at around 500- (Fig. 2c) shows the usual endothermic peak at 573 O C due to a transition from modification β to modification a which is also associated with volume increase by approximately 1.5 % 7. The DTA curves of feldspar and zircon ( Fig. 2d and 2e ) are almost flat and do not yield any characteristic heat effects. Both zircon and feldspar show a small endothermic effect evident at 575 O C due to the presence of quartz.
(ii) Physical characteristics of prepared tile samples and comparison with commercial tiles
To assess the quality of the tile bodies, primarily physical characteristics were considered. Figure 3 shows the firing shrinkage behaviour of the prepared tiles specimens. It is clear from this bar diagram that the tile bodies C and D posses low firing shrinkage compared to the other 3 samples. Firing shrinkage is one of the important criteria representing the quality of the tiles and a lower value of firing shrinkage is always desired to the researchers. The differences in chemical and or mineralogical behaviour of the raw materials no doubt controls the firing shrinkage and the low firing shrinkage value of tiles C and D could be due to the presence of higher siliceous materials in their compositions.
It should be noted here that as we collected the commercially available tiles in fired and finished form, we could not compare the firing shrinkage behaviour of our tiles with the commercial tiles. However, we have determined and compared other physical properties of the commercial tiles with the experimental tiles and the results are shown in Table III .
Measurement of water absorption, bulk density, porosity and specific gravity are the tools for determining the degree of maturation or vitrification of a ceramic body. It is evident from Table III that numerical values of water absorption of all the compositions are within the range of that of wall tiles (Komar) . Bulk density of the tiles compositions C, D and E is in the range with a smalvariation, but in case of tiles A and B the value is higher. However, values of water absorption of these later 2 tiles are lower than the value range of wall tiles and higher than that of floor tiles (Komar) . Considering all these factors although it seems that tiles C, D and E are better than tiles A and B, but from the firing shrinkage behaviour it has already been shown that the compositions of tiles C and D are much better. The values of modulus of rupture (MOR) or bending strength of tile C and D (Fig. 3 ) are higher than that of tiles A, B and E which also justifies the better quality of tiles C and D. So in view of the physical properties, comparing with the locally available tiles, the prepared tiles specifically composition C and D satisfies the desired quality of tiles. The results of the chemical analyses of the experimental and commercial tiles are shown in Table IV . It is clear from this analyses that the oxide percentage / constituents present in prepared tiles was not varied significantly. This indicates that the combination or mixture of the raw materials have little effect in chemical characteristics. However, due to the differences in mineralogical behaviour of the raw materials, a significant variation in firing shrinkage is found as expected which has already been discussed in the previous section. The chemical compositions of the experimental tiles are within the range of that present in the commercial tiles confirmed that the ratio of the raw materials used here are acceptable for the manufacture of wall tiles but the combination needs to be optimized from the point of mineralogical behaviour of the raw materials in order to have the minimum firing shrinkage effect, which ultimately will reduce the bending of the tiles during firing.
Conclusion
The present investigation revealed that quality tiles can be manufactured using different ratios of the local raw materials (clay, quartz, feldspar and zircon) with molasses (a waste product of sugar industry) as binder. Particularly tiles specimen C and D satisfies the properties of quality tiles which reflect that among the five combinations investigated, the combinations of raw materials for these two varieties can be optimized for the production of quality tiles. However, further investigation is going on to produce such tiles on pilot plant scale.
